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ABSTRACT 

A preliminary study has been made of a photography 
mission plan for the variable surface features experiment of 
t h e  Mars Mariner 1971 project. The imagery data is to be 
acquired from the MM '71 'B' mission orbit which has a period 
of about four-thirds of a Martian day. 

The mission plan contained herein has been developed 
for the first 100 days of the orbital mission and detailed 
photography sequences have been considered at 25-day intervals. 
No attempt has been made to adjust the timing of the photography 
t o  coincide with multiples of the 82-second time centers of the 
spacecraft's Data Automation System. 

A table showing how illumination, emission and phase 
angles vary over the 100 days considered is included in the 
information provided. 
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SumcT: Mars Mariner I71 Variable  Surface DATE: December 1 6 ,  1969  
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MEMORANDUM FOR FILE 

INTRODUCTION 

This  memorandum conta ins  d e t a i l s  of a pre l iminary  
mission plan designed f o r  t h e  s tudy  of v a r i a b l e  s u r f a c e  f e a t u r e s  
from t h e  Mars Mariner ' 7 1  B mission a r b i t .  The proposed B m i s -  
s i o n  o r b i t ,  F igure  1, has a 32.877 hour per iod ,  a 50' i n c l i n a -  
t i o n  and a p e r i a p s i s  loca ted  % S o  on t h e  day s i d e  of t h e  evening 
te rmina tor  a t  t h e  s t a r t  of t he  mission. 

Photography f o r  v a r i a b l e  su r face  f e a t u r e s  s t u d i e s  
w i l l  t ake  p l ace  i n  t h e  region of t h e  noon meridian because high 
i l l umina t ion  i s  p r e f e r r e d  f o r  t h e  i n v e s t i g a t i o n  of s u r f a c e  
r e f l e c t i v i t y  changes. I n  order  t h a t  t h i s  i n v e s t i g a t i o n  be 
impeded as l i t t l e  as poss ib l e  by t h e  l ack  of knowledge of t h e  
su r face  photometric funct ion,  it is  requi red  t h a t  t h e  changes 
i n  i l l umina t ion  and e m i s s i o n  (or viewing) angles  from r e v o l u t i o n  
t o  r evo lu t ion  be  minimized. A more d e t a i l e d  d e s c r i p t i o n  of t h e  
requirements and problems of t h e  v a r i a b l e  su r face  f e a t u r e s  s tudy 
is  contained i n  a previous memorandum, (1) 

Charts  showing t h e  ground trace of t h e  o r b i t e r  on 
d i f f e r e n t  r evo lu t ions  and over lays  showing viewing angle  and 
i l l u m i n a t i o n  angle  contours (all of which form p a r t  of Reference 1) 
w e r e  used ex tens ive ly  i n  developing t h e  mission p l an  contained 
he re in .  
s u r f a c e  were computed by an expanded ve r s ion  of t h e  program 
used t o  c a l c u l a t e  t h e  above mentioned ground traces and contours .  

The " f o o t p r i n t s "  of t h e  photoqraphs on t h e  p l a n e t ' s  

PRELIMINARY VARIABLE SURFACE FEATURES MISSION PLAN 

Figures  2-6 show t h e  A camera ( 1 1 O  x 1 4 O  f i e l d  of view) 
f o o t p r i n t s  of t h e  proposed photography sequences f o r  s e l e c t e d  
r e v o l u t i o n s  between Day 1 and Day 100.  Every s i x t h  pass  of t h e  
s p a c e c r a f t  over one of t h e  t h r e e  reg ions  observable  a t  high sun 
( t h e  o r b i t a l  per iod  i s  %4/3 of t h e  Mars per iod  of r o t a t i o n )  has 

been examined, i . e . ,  every 18 th  r evo lu t ion  a t  ~25-day  i n t e r v a l s .  
Tables 1-5 conta in  d e t a i l e d  information about each sequence of 
photographs , 
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A t  t h e  p re sen t  t i m e  no a t tempt  has been made t o  
a d j u s t  t h e  t iming of t h e  photography t o  co inc ide  wi th  m u l t i p l e s  
of t h e  82-second t i m e  cen ters  of t h e  Data Automation System. 
I t  i s  bel ieved t h a t  such an adjustment could be made s t r a i g h t -  
forwardly without  s i g n i f i c a n t l y  changing t h e  f e a t u r e s  of t h e  
mission p lan  d e t a i l e d  here .  

For Figures  2-6 the  zero  of t h e  longi tude  scale has 
been a r b i t r a r i l y  chosen. The t r u e  anomaly e of t h e  s p a c e c r a f t ,  
t h e  angle  between t h e  vec tor  from t h e  c e n t e r  of Mars t o  t h e  space- 
c r a f t  and t h e  l i n e  of apsides as measured from p e r i a p s i s  i n  t h e  
d i r e c t i o n  of t r a v e l ,  i s  approximately 270° when t h e  s p a c e c r a f t  
passes  through t h e  noon meridian a t  t h e  s t a r t  of t h e  mission. 
A t  t h i s  t i m e  t h e  s p a c e c r a f t ' s  longi tude  I$ i s  about 1 2 " .  The 
o r b i t a l  per iod  has  been chosen so  that  every t h i r d  r evo lu t ion  
t h e  s p a c e c r a f t  passes  t h e  noon meridian a t  t h i s  same Mars longi-  
tude i n  o rde r  t o  minimize changes i n  i l l umina t ion  angle .  

A t  t h e  s t a r t  of t h e  mission v a r i a b l e  su r face  f e a t u r e s  
photography commences a t  a t r u e  anomaly, 8 ,  of 2 6 0 ° ,  about 
1.1 hours before  p e r i a p s i s ,  and ends a t  0 = 2 9 4 O ,  about 0 . 5  
hours before  p e r i a p s i s .  
acquired i s  ind ica t ed  i n  t h e  F igures  by t h e  a lphabe t i c  
sequence A - I ,  t h e  p o s i t i o n  of t h e  let ter i n d i c a t i n g  t h e  s u r f a c e  
i n t e r c e p t  of t h e  p i c t u r e  center .  The planned slewing p a t t e r n  
of t h e  scan platform during t h e  sequence ("down" from t h e  
e q u a t o r i a l  horizon t o  t h e  sub-spacecraf t  reg ion ,  back t o  t h e  
horizon and down a second t i m e )  has  been designed t o  economize 
on t h e  t o t a l  angular  slewing requi red .  This  i s  necessary 
because of t h e  l imi t ed  rate a t  which t h e  platform po in t ing  
can be  changed (0.25°/sec).  Up t o  about Day 50 t h e  coverage 

The o rde r  i n  which t h e  p i c t u r e s  are 

acquired by- the  v a r i a b l e  su r face  f e a t u r e s  photography i s  of a 
reg ion  about 60" longi tude x 50" l a t i t u d e .  

The seasonal  motion of Mars about t h e  sun has  t h e  
e f f e c t  of br inging  p e r i a p s i s  f u r t h e r  on to  t h e  day s i d e  of t h e  
p l a n e t  as t h e  mission evolves and a f t e r  100  days t h e  v a r i a b l e  
s u r f a c e  f e a t u r e s  photography commences a t  a t r u e  anomaly of 
280° ,  about 0.7 hours before  p e r i a p s i s .  The sequence ends a t  
8 = 319", about 0.27 hours before  p e r i a p s i s .  It is  found 
empi r i ca l ly  t h a t ,  on t h e  l a s t  r evo lu t ion  considered,  i l lumina-  
t i o n  and viewing angle  v a r i a t i o n s  can be made smal le r  by 
adopting t h e  d i f f e r e n t  slewing p a t t e r n  shown i n  Figure 6 .  

The average a l t i t u d e  of t h e  spacec ra f t  i s  much lower 
during t h e  p i c t u r e  taking sequence a t  t h e  end of 1 0 0  days than 
a t  t h e  beginning of t h e  mission. For t h i s  reason t h e  su r face  
r e s o l u t i o n  w i l l  be s i g n i f i c a n t l y  improved and t h e  coverage of 
each p i c t u r e  reduced accordingly.  The o v e r a l l  coverage of t h e  
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whole sequence i s  a l s o  diminished cons iderably ,  p a r t i c u l a r l y  
a t  t h e  more sou the r ly  l a t i t u d e s .  This  reduct ion  i s  t h e  r e s u l t  
of t h e  con t r ac t ion  of t h e  s p a c e c r a f t ' s  horizon'and of t h e  
shor ten ing  of t h e  t i m e  a v a i l a b l e  f o r  v a r i a b l e  su r face  f e a t u r e s  
photography. 

SCAN PLATFORM SLEW RATES 

The l i m i t e d  r a t e  a t  which t h e  scan platform can be  
slewed, 0.25O/sec, imposes an important  c o n s t r a i n t  on t h e  
a c q u i s i t i o n  of v a r i a b l e  su r face  f e a t u r e s  imagery. The impor- 
tance  of t h e  c o n s t r a i n t  stems from t h e  f a c t  t h a t  t h e  scan  
platform may be r o t a t e d  about only one of i t s  t w o  axes (c lock 
and cone) a t  any t i m e  because of s p a c e c r a f t  power considera- 
t i o n s .  I n  add i t ion ,  platform motion during t h e  readout  of 
t h e  vidicon ( 4 1  sec) may not be permiss ib le  so t h a t  t h e  
complete t i m e  i n t e r v a l  between success ive  exposures may n o t  
be a v a i l a b l e  f o r  platform motion. 

I n  planning t h e  photography sequences a check w a s  
t h e r e f o r e  made t o  be s u r e  t h a t  t h e  proposed platform s l e w s  
can i n  f a c t  be achieved. Column 1 2  i n  Tables 1-5 shows t h e  
t i m e  i n t e r v a l  between successive A camera exposures.  
i n d i c a t e s  t h e  minimum s l e w  rate necessary t o  reach t h e  
r equ i r ed  platform po in t ing  i n  t h e  t i m e  ava i l ab le .  T h i s  rate 
is  equal  t o  t h e  sum of t h e  clock and cone increments divided 
by t h e  t i m e  i n t e r v a l  minus 4 1  sec. I t  i s  requi red  t h a t  t h e  
rate ind ica t ed  i n  Column 13 be less than 0.25°/sec. 

Column 13  

I n  t h e  event  t h a t  a narrow angle  B camera 
I 1 . l o  x 1 . 4 O  f i e l d  of view) photograph is  a l s o  r equ i r ed  near  
t h e  c e n t e r  of t h e  preceding A p i c t u r e ,  an AB p a i r  would be  
acquired without  intermediate  platform slewing. 
t i m e  be fo re  moving t h e  platform would then be 82 sec so t h a t  
t h e  minimum requi red  s l e w  rate would be increased .  Column 1 4  
i n d i c a t e s  t h e  va lue  of t h i s  rate;  where t h i s  i s  g r e a t e r  than  
0.25°/sec an AB p a i r  cannot be obtained.  

same su r face  region,  e . g . ,  for  s p e c t r a l  s t u d i e s ,  an even l a r g e r  
w a i t  would be requi red ,  namely, 3 x 4 1  sec = 123 sec. Column 15 
i n d i c a t e s  t h e  value of t he  minimum s l e w  ra te  requi red  t o  a l l o w  
t h e  a c q u i s i t i o n  of an AA p a i r .  Again f e a s i b i l i t y  i s  demonstrated 
by a va lue  of less than 0.25O/sec. 

The w a i t  

I f  it were des i red  t o  t a k e  t w o  A p i c t u r e s  of t h e  
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CHANGES I N  ILLUMINATION, EMISSION AND PHASE ANGLES* 

Table 6 con ta ins  t h e  va lues  of t h e  i l l u m i n a t i o n ,  e m i s -  
s i o n  and phase angles  for nine s e l e c t e d  p o i n t s  on t h e  s u r f a c e  
f o r  t h e  moment a t  which they are photographed on each of t h e  
f i v e  revolu t ions  considered. The s e l e c t e d  p o i n t s  a r e  t h e  
cen te r s  of t h e  n ine  photographs taken on t h e  f i r s t  r evo lu t ion .  
N o t  a l l  t hese  p o i n t s  can be  rephotographed l a t e r  i n  t h e  mission 
because of the manner i n  which the  spacec ra f t -p l ane t  geometry 
changes. 

by between 2 O  and 7 O  and t h e  emission angles  change by between 
1' and 5'. The changes t h a t  occur  over  t h e  second 50 days a r e  
more v a r i a b l e  because t h e  geometry of t h e  o r b i t  r e l a t i v e  t o  
t h e  region of in te res t  is changing more r ap id ly .  I l l umina t ion  
angle  changes of as much as 1 7 O  and emission angle  changes of 
as much as 9 O  are found t o  occur f o r  t h e  p o i n t s  considered. 
I n  genera l  changes i n  phase angle  are considerably g r e a t e r  than  
the changes i n  e i ther  of t h e  other two angles .  
i n s t ances  considered a change of over 30' i s  noted over 1 0 0  days.  

Over t h e  first 50 days t h e  i l l umina t ion  angles  change 

I n  one of t h e  

SUMMARY 

It  may be  concluded from t h i s  s tudy t h a t  there a r e  
no major obs t ac l e s  involved i n  t h e  development of a photography 
mission p lan  f o r  t h e  v a r i a b l e  s u r f a c e  f e a t u r e s  experiment. I n  
t h e  prel iminary mission plan described he re in ,  contiguous 
coverage of an area 60°  longi tude x S O 0  l a t i t u d e  can be acquired 
s t r a igh t fo rward ly  e a r l y  i n  t h e  m i s s i o n .  I t  is  found t h a t  a s  
the mission evolves t h e  coverage of southern mid-Qatitudes 
diminishes  appreciably b u t  coverage of lower l a t i t u d e s  can be 
maintained. 

T h e  v a r i a t i o n s  i n  i l l umina t ion ,  emission and phase 
angles  have been t abu la t ed  for  var ious  s t a g e s  i n  t h e  mission. 
A f u r t h e r  study i s  requi red  t o  determine what d e t e c t i o n  threshold  
for  changes i n  the  Martian s u r f a c e  albedo is implied by t h e  
var ious  angular  changes a s soc i  prel iminary mission 
p lan .  

10 11-GAB-caw G. A.  Briggs 
Attachments 

*Both i l l umina t ion  and emission (or viewing) angles  are 

The emission angle  a t  t h e  sub- 
def ined  with r e fe rence  t o  t h e  local v e r t i c a l .  For v e r t i c a l  sun 
t h e  i l l umina t ion  angle  = O o .  
s p a c e c r a f t  p o i n t  i s  0'. 
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" I l l umina t ion  and Viewing Condit ions Encountered by t h e  
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